The aim of this study is to characterize in detail, the mineralogy of different-shaped concretions as well as to investigate the physico-chemical parameters of the associated mine drainage and drip waters in the Santa Barbara level of the Libiola Mine (NW Italy) by several geochemical and mineralogical techniques. Under the term "minothems" we are grouping all those secondary minerals that occur under certain form or shape related to the conditions under which they formed but occur in a mine, or in any artificial underground environment (i.e., "mine speleothems"). Different types of minothems (soda straw stalactites, stalactites, and draperies) were sampled and analyzed. Mineralogical results showed that all the samples of stalactites, stalagmite and draperies are characterized by poorly crystalline goethite. There are significant differences either in their texture and chemistry. Stalactites are enriched in Zn, Cd, and Co in respect to other minothems and show botryoidal textures; some of these exhibit a concentric layering marked by the alternation of botryoidal and fibrous-radiating textures; the draperies are enriched in V and show aggregates of sub-spheroidal goethite forming compact mosaic textures. Geochemical investigations show that the composition and physico-chemical parameters of mine drainage and drip waters are different from the other acidic mine water occurrences in different areas of the Libiola Mine, where minothems are less abundant. All mine water samples contain Cu, Ni, and Zn in appreciable levels, and the physico-chemical conditions are consistent with the stability of ferrihydrite, which however tends to transform into goethite upon ageing.
INTRODUCTION
Speleothems are considered secondary mineral deposits formed by physical-chemical reactions from a primary mineral within the natural cave environment assuming a typical shape, depending on the environmental conditions in which they form (Hill & Forti, 1997) . Most speleothems typically form from the precipitation of CaCO 3 (either calcite or aragonite) in caves developed in carbonate bedrock. The term speleothem refers to the mode of occurrence of a mineral, i.e. its morphology, and not to its mineralogical or chemical composition (Hill & Forti, 1997) . Stalactites and stalagmites are speleothem types formed primarily by dripping water, elongated in the vertical direction of dripping and typically exhibit growth rates in the range of 0.01-1.0 mm per year (Perrette & Jaillet, 2010) , depending on flow rate, cave temperature, and the saturation of the drip water.
Seasonal changes in water availability may lead to the formation of annual layers, the thickness of which may vary as a response to precipitation changes at the surface (Baker et al., 2008; Fairchild & Baker, 2012) .
Speleothems can also be composed of other carbonates, oxides, hydroxides, sulfides, sulfates, and silicates (Hill & Forti, 1997; Onac & Forti, 2011) . Oxide and hydroxide stalactites, stalagmites, and flowstones are common in mine tunnels in supergene settings of ore deposits (Campbell & Barton, 1996; Jebrak et al., 1996) , in lava tube systems (McFarlane et al., 2004; de los Rìos et al., 2011; Daza & Bustillo, 2015) but also occur in natural carbonate caves (Onac et al., 2001 (Onac et al., , 2014 Frierdich et al., 2011; Frierdich & Catalano, 2012) . In particular Fe and Mn deposit have been recognized in many cave environments and their formation is typically mediated by microbial processes (Kasama & 2008; de los Rìos et al., 2011; Frierdich et al., 2011; Daza & Bustillo, 2015) .
We define "minothems" as secondary mineral concretions forming in an artificial underground void, such as a mine or any other kind of tunnel (i.e. roman aqueduct, catacomb, highway tunnel, etc.). These voids can be carved in carbonate rocks, but can often be hosted in different geological materials, such as volcanic rocks (Tuccimei et al., 2006) , granites, or any other type of solid rock. Only few data were published on Acid Mine Drainage (AMD) environments in which minothems mainly occur as Fe-rich minerals (Campbell & Barton, 1996; Jebrak et al., 1996; Banfield et al., 2000; Nordstrom et al., 2000; Onac et al., 2013; Peterson, 2003; Jamieson et al., 2005; Cabała & Bzowska, 2008; Arnold et al., 2011; Ara et al., 2013) . In this case also the term "siderothems" has been used, but minothems should be preferred being a more general term regardless of their chemistry.
Although much information is available on the characterization and mode of occurrence of calcite and aragonite stalactites and stalagmites, the textural and mineralogical characteristics of concretions formed in AMD environment (minothems) is not documented in much detail.
The aim of this work is to characterize the different morphology and mineral chemistry of iron hydroxide minothems that form in the abandoned Libiola Fe-Cu-sulfide mine located about 8 km NE from the town of Sestri Levante (eastern Liguria, Italy) (Fig. 1) . Nowadays, the site is characterized by active and intense AMD processes triggered by the supergene interaction between sulfide-rich mineralizations and atmospheric agents (Dinelli et al., 1998; Dinelli & Tateo 2002; Marini et al., 2003; Carbone et al., 2005; 2013) . Sulfate-rich acid waters circulate within the underground excavations, in waste rock dumps and in the surrounding streams and runoff channels. As a consequence, large quantities of Fe-rich secondary minerals are produced; they occur both as muds and soft crusts inside the mine, and as loose suspensions associated with overland flows of mine waters (Marescottti et al., 2012) . Waters percolating inside the galleries form numerous decorative dripstone features that coat the walls, ceilings, and floors of the mine creating a colourful array of yellow, orange, green, brown, and black minothems, mainly represented by soda straws, draperies, stalactites and stalagmites. Among the 27 underground levels of the Libiola Mine only very few have accessible entrances. The Santa Barbara level is partially preserved up to 1 km from its access and it was thus chosen for this study.
In this paper, we present the results of a detailed mineralogical and geochemical study of the different types of textures of Fe-rich minothems and their feeding waters and discuss their minerogenetic evolution. 
MINOTHEMS
The Santa Barbara level of the Libiola Mine hosts a wide variety of minothems representative of what has been found elsewhere in artificial underground excavations (Fig. 2) . Minothems are the counterpart of speleothems in natural caves, and generally show the same morphologies. However, the petrographical and geological differences of the host rock can cause significant distinctions in mineralogy, colour and shape of the minothems when compared to speleothems. Mine adits host soda straws, stalactites, draperies, stalagmites, columns, flowstones, gours, but can also contain pearls, rafts, coralloids (popcorn), moonmilk, and helictites ( Fig. 3a-c) . These are often composed of exotic minerals, mainly sulfates (melanterite, gypsum, epsomite) some of which are rather uncommon (Onac et al., 2003; Cabała & Bzowska, 2008; Gàzquez et al., 2014) and oxides-hydroxides (Banfield et al., 2000) . Beside formations typical also for natural caves, some concretions are rather unique to these mine adits. Often the special geochemical environment, with low pH and high concentrations in metals in the percolating waters create the ideal place for specific microorganisms to proliferate. This bacterial activity is believed to enhance the precipitation of the ochreous concretions (de los Rios et al., 2011; Daza & Bustillo, 2015) . Typical minothems related to microbial activity are the snottites (Fig. 3d) , abundant also in sulfidic cave systems (Hose & Pisarowicz, 1999; Jones et al., 2010) and the jellystones (Fig. 3e) . These last are gelatinous flowstones containing large quantities of water and poorly crystallized minerals. They often have a surface made out of a series of minigours cascading downward (Fig. 3f) . During drier periods their surface can get more solid, but when perforated the jellystone reveals its gelatinous characteristics. In Libiola Mine one of these jellystones ends in a small pool, at whose surface native copper is precipitating (Fig. 3g ), most probably with the mediation of microorganisms. 
EXPERIMENTAL WORK

Sample location
The Libiola mining area develops along 27 levels, contains 7 open pits, and over 30 vertical shafts. The sulfide ore occurs within the Jurassic ophiolites of the Northern Apennines that are considered to be remnants of the oceanic crust underlying the western limb of the Jurassic Tethys (Abbate et al., 1980; Piccardo et al., 2002; Piccardo, 2016) which consist of an ultramafic/ gabbroic basement overlain by a volcano-sedimentary sequence, that in the Libiola area comprises tectonicand sedimentary-ophiolitic breccias, pillow basalts, and cherts. This deposit has been classified as a stratabound volcanic-associated massive sulfide deposit and consists of massive sulfide lenses in the upper part of a pillow lava flow, which is underlain by gabbro and serpentinite (Galli & Penco, 1996) . At the footwall of the massive ore lenses, the sulfides infiltrated fragmented pillows, giving rise to a coarse network ore that grades downward into minute veins and fissures of stringer ore, within completely chloritized basalt. Sub-economic disseminated mineralizations are also present in the pillow basalts and serpentinized ultramafics. The sulfide assemblage in the Libiola stratabound deposit consists of pyrite and chalcopyrite with subordinate pyrrhotite and sphalerite, in a gangue of quartz, calcite and chlorite. Pyrite with minor chalcopyrite and rare sphalerite predominate in the stringer ore. Accessory titanite, Fe-Ti oxides, electrum, acanthite, native silver and uraninite are commonly found in the chlorite-quartz-calcite matrix of the ore (Zaccarini & Garuti, 2008) .
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There is an extensive occurrence of mine wastes scattered throughout the entire mining area, and minor waste-rock and tailing dumps are mainly located close to the main mine adits.
The sampling site is the Santa Barbara Gallery (Fig. 1) , which is the oldest underground excavation of the Libiola Mine, being started in 1859 at the beginning of the official exploitation. Its adit is located in the southern part of the mining area and the entrance is characterized by a well-preserved brick arch. The gallery crosses for the first 150 m strongly tectonized serpentinites and then continues within the pillow basalt. The massive mineralizations were located along the contact of these two lithologies, and this is where the main concentration of minothems has developed. The Santa Barbara level is connected with many other levels through shafts and winzes ( Fig. 1) . Along the main tunnel of S. Barbara level ( Fig. 1) there is a constant presence of ochreous muds associated with weakly acidic waters (5.8<pH<6.1), and minothems are abundant.
Four sampling sites were chosen for collecting the muds and associated waters, whereas two different sites were selected for the sampling of various minothems ( Fig. 1 ).
Water and mud sampling occurred along the entire tunnel. Mine water samples (labelled MW1, MW2, MW3, MW4) were collected using a plastic syringe trying to take only the clean water and pH, Eh, T and electric conductivity (EC) were measured in situ. Moreover, in MW3 sampling site two drip waters (DW) were taken. Drip waters were centrifuged and the remnant colloidal solid fraction was analysed using the TEM technique. Mud samples (labelled M1 M2, M3, M4) were collected by suctioning the loose flocs using a plastic syringe. Moreover, we collected drip waters from stalactites in plastic containers and pH, Eh, T, and EC were measured in situ.
Mud samples were filtered through a 16 µm membrane filter and then dried at room temperature for 48 hours for X-ray powder diffraction (XRPD) analyses.
Minothems were sampled in two different environments ( Fig. 1 ): 1) along the main tunnel and 2) in a small chamber localised in a short lateral closed tunnel. One sample of stalagmite (STG, Fig. 4a ) and one of stalactite (ST, Fig. 4b) were collected in the main tunnel. In the small lateral chamber numerous minothems with different morphologies almost completely cover the roof. Two samples of draperies (DRP and VEL, Fig. 4c-d) were collected in this environment. In this chamber, no muds, waters and drip waters were present. A fallen piece of soda straw was also sampled for chemical analyses.
Mineralogical and chemical analyses on solid samples
The stalactite (ST), stalagmite (STG) and draperies (DRP and VEL) were characterized using XRPD, SEM (Scanning Electron Microscopy), ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectrometry) and ICP-MS (Inductively Coupled Plasma-Mass Spectrometry) analyses.
The XRPD analyses were carried out (DISTAV, Genova University, Italy) using a Philips PW3710 diffractometer (current 20 mA, voltage 40 kV, range 2θ 5-80°, step size 0.02° 2 θ time per step 2 s) equipped with a Co-anode and interfaced with Philips High Pert software package for data acquisition and mineral identification (using PDF file as database).
Scanning electron microprobe analyses were performed with a "SEM VEGA3 TESCAN" (DISTAV, Genoa University) operated at 20 kV and equipped with an "EDAX-APOLLO_X DPP3" energy-dispersive (EDS) X-ray spectrometer. Data acquisition and elaboration used the TEAM EDS software.
The bulk-element composition (major, minor, and trace elements) of minothems was assessed by acid digestion (0.5 g powder leached with 3 mL 2:2:2 HCl-HNO 3 -H 2 O at 95° for 1 h) followed by ICP-AES and ICP-MS analyses (ACME Laboratory, Bureau Veritas,Vancouver, Canada).
Mud samples were analyzed using XRPD and ICP-MS techniques whereas the solid fraction of drip waters was analyzed by TEM (Trasmission Electron Microscopy). The TEM analyses were carried out with a Jeol JEM-2010 TEM at 200 kV (DCCI, Department of Chemical and Chemical Industry of Genova University). The samples were prepared by grinding selected amounts of the specimens, which were ultrasonically dispersed in alcohol and then deposited on porous C-coated Cu grids. The analytical electron microscope (AEM) investigations were performed using an X-ray EDS system (Oxford Pentafet). The mineralogical identification of the investigated solid phases was made through interpretation of Selected Area Electron Diffraction (SAED) patterns.
Water analyses
As already stated, in connection with the sampling of stalactites and muds, water flowing in the mine galleries and drip waters were also collected. T, pH, Eh and EC were measured in the field. Each sample was collected and stored using three different treatments that consisted in filtering, filtering and acidification (10% vol. 
RESULTS
Mineralogy and micromorphology of concretions
The XRPD data show the presence of goethite in all samples with different degree of crystallinity testified by the sharp broadening of some characteristic peaks. The different spectra show an increase in crystallinity from ST to DRP and VEL to STG samples (Fig. 5) . The stalagmite STG is composed of a big hollow core (Fig. 4a) and shows a submillimetric layering of goethite FeO(OH) marked by an alternation of fine-grained materials of the same composition. SEM images (Fig. 6 ) also show that the stalagmite is composed of two different layers. Layer 1 is characterized by vermicular Fig. 6 . SEM-BSE image of a stalagmite (STG) section in which different layer types (1 and 2) were distinguished.
The sample DRP is characterized by an elliptical hollow feeding tube (Fig. 8a) surrounded by layering marked by a rhythmic alternation of massive micrometric goethite layers and empty layers. Between each layer botryoidal to mammillary goethite develops from the massive toward the empty layer ( Fig. 8b and  c) . EDS analyses evidence the same chemical features observed in the thin layers of stalactites (ST).
The sample VEL is composed of an alternation of two distinct zones (Fig. 9a) . Zone 1 is characterized by thin layering of fibrous goethite with fibres radiating from the base of each layer (Fig. 9b) . Unlike the previous type, the core is rarely empty and the surrounding layers show massive to irregular filling with botryoidal textures. Zone 2 is characterized by aggregates of subspheroidal goethite forming compact mosaic textures (Fig. 9c) . Both zones have chemical composition very similar to the stalagmite STG except for the presence of Ni enrichment and for the absence of Zn (Table 1) .
In order to understand the presence of voids among the layers of the studied minothems, all samples have been observed by putting fragments on stub sample holders. SEM images (Fig. 10) show that between the botryoidal aggregates of goethite, both ultrathin layers (Fig. 10b ) and microbiological shapes ( Fig. 10 c and d ) are present. These microbial components appear to be mainly composed of bacteria, spores and probably fungi in the form of filaments, microspheres and biofilm.
Mud and colloidal precipitates of drip waters
The XRPD results of muds display the presence of well crystalline goethite in all the samples (Fig. 11a) . The solid fraction from drip waters was characterized goethite with evident flow structures. Layer 2 is more dense and massive than layer 1 and it seems to be formed by more compact aggregates of the same vermicular goethite. EDS analyses evidence a similar chemical composition of the two layers, that are almost exclusively composed of Fe with minor S, Si and Al, except for the higher levels of Zn in layer 1 and Cu in layer 2.
Microtextural studies using scanning electronic microscopy performed on ST, DRP and VEL thin sections show a strong morphological difference between the recognized types.
The stalactite ST is characterized by a concentric layering, centred along a hollow core (Fig. 7a, b) . The layering is composed of the alternation of thick (up to 200 µm) and very thin (up to few µm) layers separated by voids. The thick layers show massive areas with mud cracks in the central parts and fibrous radiating areas toward the outer rims (Fig. 7c) . The thin layers evidence a massive base from which botryoidal to mammillary textures develop (Fig. 7d) . EDS analyses show similar chemical composition with respect to the other minothems except for the constant enrichment in Cu, Zn, and Ni (Table 1) . by the presence of colloidal precipitates composed of ferrihydrite nanoparticles (Fig. 11b) and amorphous phases, which are the stable phases according to thermodynamic calculations (see discussion).
Bulk chemistry
The bulk chemistry of minothem samples and the muds is reported in Table 1 . As concerns the major elements, iron is the most abundant element in all the minothem samples (Table 1) and Al 2 O 3 were detected also in the VELA sample. It is interesting to note the high P 2 O 5 concentration recorded in VEL sample (1.36 wt% P 2 O 5 ), but also in all the other samples. Compared to the other samples, the mud is high in iron and has traces of all the other major elements. All the other elements have a large variability, although samples ST and ST soda straw show the highest metal concentration. In particular the ST soda straw has the highest concentration of Ni, Zn, Co, Cd and high Cu whereas ST records the highest Cu concentration reaching 6075 mg/kg. Copper is also high in the VEL and DRP samples, and one order of magnitude lower in STG. It is worth mentioning that these three last minothems show the lowest concentrations of the considered trace elements, with the exception of V.
Water and drip water chemistry
Drip samples are mildly acidic (5.8<pH<6.1) showing intermediate conductivity (2210-2640 µS/cm) and are dominated by magnesium and sulfate, with low concentration of dissolved iron but still containing traces of Cu, Ni, and Zn (Table 2) . Waters draining the tunnel and in contact with mud samples have comparable pH, with higher electrical conductivity. They are depleted in iron but contain Cu, Ni, and Zn to appreciable levels (Table 2) . Concerning the SO 4 2-content, the water associated with muds shows higher values (1400-1800 mg/l) compared to drip water (about 800 mg/l). In order to identify the solid phases controlling the chemistry of the AMD solutions, Eh-pH stability calculations (Fig. 12) were performed with the application "act2" of the software "The Geochemist's Workbench" (version 7.0; Bethke & Yeakel, 2014) , using the LLNL Thermodynamic Database (Wolery, 1992) supplemented by schwertmannite data from Bigham et al. (1996) , Yu et al. (1999) , and Kawano and Tomita (2001) , ferrihydrite data from Majzlan et al. (2004) , and jarosite data from Bigham et al. (1996) . 
DISCUSSION
Among all the mine drainages of the area, the Santa Barbara level shows a weakly acidic drainage (Dinelli et al., 2001; Dinelli & Tateo, 2002; Marini et al., 2003; Accornero et al., 2005; Marescotti et al., 2012) (Fig. 13a) . Besides Santa Barbara, only the closed Margherita adit has water with a systematically higher pH (Carbone et al., 2013) . The water chemistry is also different, shows a slightly higher Mg 2+ /SO 4 2-molar ratio, compared to the other waters (Fig. 13b ). This suggests a water chemistry evolution involving interaction with the local serpentinites (in which calcite veins occur), which leads to buffering of the initial acidity generated by sulfide oxidation (testified by SO 4 2-) and promotes the precipitation of iron minerals.
Compared to data published on muds from other sites in the area (Dinelli et al., 2001; Marescotti et al., 2012; Carbone et al., 2012) those from Santa Barbara are characterized by a much higher Cu and Zn content, a feature that is shared also with many of the minothem samples. In other sites in the area copper-rich precipitates were observed in water with pH around 7 (Dinelli et al., 1998; Dinelli & Tateo, 2002) . The mine area, as well as the Santa Barbara Adit, actually has a pH close to 6, which could also cause an increase in copper adsorption onto goethite with or without the presence of organic substances, as testified by several authors (e.g., Kooner, 1993; Christophi & Axe, 2000; Buerge-Weirich et al., 2002; Ponthieu et al., 2006) .
The Santa Barbara level of Libiola Mine hosts a wide variety of minothems very different in form and color from classic speleothems. In this setting, stalactites, stalagmites and drapery-like stalactites of goethite were found. In particular all morphologies of typical carbonate speleothems were recognized. Three main types of growth have been identified: (1) classical stalactite (ST) type that displays mostly cylindrical shapes with a hollow feeding channel; their axes are vertical, indicating that the deposition was influenced by gravity and that no tilting occurred since their formation. This type was characterized by a low crystalline goethite (Fig. 5 ) which forms massive layers and thin layers with botryoidal texture and contains some potential toxic elements such as Ni, Cu, Zn, and As. (2) Drapery (DRP) type related to deposition along the margin of a pendant drop and displaying an elliptical hollow core. The goethite is more crystalline than that in the true stalactite (Fig. 5) similar to that observed in the stalactite type. (3) The drapery (VEL) type is curved along its length because it formed along the flow path of droplets along the ceiling. Both drapery types were not present in the main tunnel and have only been found in the small lateral chamber. They are characterized by a more crystalline goethite than the others (almost all the peaks are present even if very broad, Fig. 5 ) with a vermicular and mammillary texture that tends to join and form massive and compact layers.
Stalagmites show a big hollow core with pancake morphologies and are characterized by wellcrystallized goethite testified also by the massive aggregation in the observed thin sections.
The increase in crystallinity from stalactite to draperies (Fig. 5) and the different micromorphologies of the different minothems seem to be related to an ageing of goethite nanocrystals: the stalactite types have a faster growth compared to drapery types. The stalagmites have also a slow growth, supported by their pan-cake morphologies (Allison, 1923) . Moreover, the botryoidal character of goethite could indicate rapid crystallization from supersaturated drip solutions, whereas the coarser crystallinity of goethite in draperies and stalagmites implies slower growth through time.
The Eh-pH diagram of Fig. 12 shows that the physico-chemical conditions are consistent with the stability of ferrihydrite, which however tends to transform into goethite upon aging. Few of the mud waters plot close to the metastability field of schwertmannite. The diagram is based on equilibrium reactions that could actually be changed by bacterial reactions able to modify the predicted stable phase (Fig. 12) . The drip waters from stalactites, present prevalently in the main tunnel, are characterized by the presence of colloidal precipitates composed of ferrihydrite nanoparticles (Fig. 11b) and amorphous phases, which are the stable phases according to thermodynamic calculations. The presence of these minerals could be related to a possible "precursor" phase to the goethite formation (Schwertmann et al., 1999 ) that due to its high surface reactivity tends to retain into the structure some potentially toxic elements. In fact, there is a clear distinction between the stalagmite, the stalactites, and the draperies (Table 1) in terms of chemical composition. All stalactites have a homogeneous composition concerning the major elements showing a strong enrichment of Fe and subordinate amounts of Si, Al, and P, whereas stalagmite samples contain only Fe as major element. Concerning minor and trace elements (Table 1) , Cu is high in all the samples (although less in stalagmites) whereas only the soda-straw stalactites record a strong enrichment in Zn, Co, and Cd. These results suggest that poor and low crystalline goethite tends to retain into its structure more chemical elements than the well-crystallized one.
All these minothems are characterized by a layering around a hollow core, except for the VEL drapery; each layer is composed of a film of different thickness probably due to variable growth rates. The presence of the voids among the layering could be related either to the presence of colloidal and/or amorphous phases that tend to disappear when transformation into goethite takes place or to the presence of organic matter (high concentrations of P 2 O 5 in some samples) which also decays and leaves the voids. Some aspects of this work are still unclear concerning the role of bacteria or other microbiological forms in constructing these minothems (Fig. 10) . This might not be negligible, since microbial mediation in speleothem formation is especially important in environments with high concentration of metals (Tisato et al., 2015) . According to the observations of Spear et al. (2007) , Florea et al. (2011), and Gherman et al. (2014) on comparable speleothems, the microbial population promotes and contributes to the mineral precipitation on the biofilms in Fe-rich speleothems.
CONCLUSIONS
Results from this study provide a detailed characterization of minothems formed in a particular environmental setting such as the Libiola Mine (eastern Liguria, Italy) in which Cu-sulfides are oxidizing.
This study has identified numerous minothem forms, such as soda straws, stalactites, draperies, stalagmites, columns, flowstones, jellystones, snottites, gours, pearls, rafts, and helictites. The large amount of secondary iron and copper minerals discovered is due to the oxidation of Fe-Cu sulfide minerals occurring in the surficial and underground mining area. The geochemical calculations are compatible with the mineralogical data: the presence of ferrihydrite is consistent with a possible precursor that however, tends to transform into goethite upon ageing. Goethite is the only mineral present in stalagmites, stalactites and draperies but its degree of crystallinity and the microtexture is quite different in each sample. This work demonstrates that there is an increase in crystallinity from stalactite to draperies to stalagmites and the passage from botryoidal form to massive aggregates indicates an ageing of goethite nanocrystals. The stalactite type samples have a faster growth compared to drapery types, while stalagmites grow more slowly. Further investigations are in progress in order to understand the role of microorganism in the minothem formation and the cause of the presence of voids between goethite layering. The occurrence of many different minothem forms, together with the extent of the weathering Fe-Cu sulfide developed on non-karst rocks make the Libiola Mine an important site for the study of minothems in acidic tunnels also for the possible implications to the mineralogical and biogeochemical study of extraterrestrial environments.
